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1. Getting Started

About This Manual

TheHotSpotHealth Plysics Wdes or HotSpotprogram, provides firstorder
approximation of the radiation effects associated with the atmospheric release of
radioactive materials. TheotSpotprogram was created émuipemergency response
personnel anglannerswith a fast, fieldportable set of software tools fevaluating
incidents involving radioactive material. The software is also used for safatysis of
facilities handlingadioactivematerial.This program is designed for shaoainge (less
than 10 km), and shetérm (less than a few hours) predictions.

System Requirements
HotSpotrequires the following:

Windows® 95/982000/NTXP/Vista/Windows 7operating system
64 megabytes RAM

300 megabytes disk space

Optional GPS device (NMEA 0188utputforma

Contacting NARAC for HotSpot Support

Lawrence Livermore Nati onal ReleasbAdvisotyor y 0 s

Center (NARAC)provides HotSpot support.
For software technical support, please contact:

NARAC Customer Support

Phone (925) 4229159

Hours: 7:30ani 4:15pm Pacific Time
Monday-Friday, except holidays

Web https://narac.linl.goyHotSpot/HotSpot.html
Email: hotspo@linl.gov
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2. Introduction

The Department of EnerdipOE) funds ongoingnaintenance andevelopment of the
HotSpotHealth Physics Code$he HotSpotprogramhas been distributed worldwide
since 1988HotSpotcodes are a conservative (estimated radiation idasiallygreater)
estimation of the radiation effexcassociated with the atmospheric release of radioactive
materials.The main user interfacereerfor HotSpot is shown below.

P HotSpot =10lx]
File  Help
Models | Source Term | Meteorology | Receptors Setup | Output |
- Atmospheric Dispersion Models
 Plutonium Explosion ¢ Plutonium Fire © Plutonium Resuspension
 Uranium Explosion ¢ Uranium Fire & Tritium Release
 General Explosion © General Fire " General Resuspension
 General Flume
. Special Purpose Programs
 Nuclear Explosion ¢ FIDLER Calibration & Lung Screening
¢ Radionuclides in the Warkplace
HotSpot QG |

Atmospheric Dispersion Models

To expeditetheinitial assessment of accidents involving nuclear weggéotSpot
includes émospheric dispersion models for a plutonium explogham-nuclear) fire,
andresuspension; a uranium explos{mon-nuclear) andfire; and a tritium release.
Additionalii G e n erogrdme address the releasaiy radionuclide or mixturi the
HotSpot library (ICRP 30, ICRP60+, and Acutéhese models estimate thleortrange
(less than 10 kmygownwindradiological impact following the release of radioactive
material resulting from ahorttermreleasegless than a few hours2xplosiverelease,
fuel fire, or an area contamination event.

Example scenarios for each of the dispersion types are available unger theg rFdemo s
menu. In addition tprovidingexample modea| HotSpotallows the user tsave a
scenarioandcreate, edit, oadd to aadionuclidemixture Up to 50 radionuclidesan be
includedto createa mixture.

2-1
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Special Purpose Programs

In addition to the atmospheric dispersion modelst special purpose programs are also
included in HotSpot: Nuclear Explosion (nucleard@gjeFIDLER Calibration and Lung
Screening, Radionuclides in the Workplace, and a module to calBaatentile Dose
using Historical Meteorological Data

Nuclear Explosion

The Nuclear Explosion program estimates the effects of a stistasenuclear wapon.
These include prompt effects (neutron and gamma, blast, and thermal), and fallout
information. Fallout information includes fallout arrival time, dose rate at arrival time,
and integrated dose contours for several time perfodsxample, théirst 6 hours, first
day, first week, etdJsers can entexspecific start time and duration of exposuree
user interface screen for the Nuclear Explosion program is shown below.

fiF Nuclear Explosion o =13
Nuclear Explosion — | [TextFiles——————— ——Contour Plots - Computer Display
Muclear Yield Nuclear EffectsTable Output | Create Fallout Contour Plot
’7 0Ok Save Table Output | —_——
Eff. Wind View Saved Table Output Files | & Plume Centerdine ¢ Compass
B.80 mis
Contour Plots - Mapping Files
% Append Fallout Fallout Contour File (.KML) |
Prompt Neutron REE ¥ Append Summary Prompt Effects Files (KML) |
30 r ™ Prompt Contour Effects
Digplay HH reference dose rate A e GEdme

Wind Direction Hotspot Mapping — =
’7| 270 Wind from the West ’7 ‘
—Fallout Exposure Time and Sheltering Values for Tables and Contour Plots
¥ield Calculator — o e
INo Shielding j Shielding Transmission
Contour Values  Dose in first hour  Dose in first week FE‘%%BI Eemie 1.0000
Fallout Dose (rem £~ Dose in first six hours  Dose in first month
Inne 1.00E-+13 @ Doge in first day " Dose in first year Prarpt Meutron 1.0000
Middl |3 O0E+02 (I:[E:Dhﬁe in fgﬁl A'da\'sp 1(‘ User Selection Fallout I 1.0000
Cut I2 O0E12 ange ExXxposure Faramelers
Exnosure Duration Info Here
(Weatheting Correction Factar : Mone)
Ground Roughness Caorrection Factor 0.700

™ Detonation Location: 35.00722M108.43890W

FIDLER Calibration and Lung Screening

The FIDLER Eield Instrument for th®etection of low-EnergyRadiation) program is a
tool to calibrate instruments for grousdrvey measurements of plutonium and provide
initial screening for possible plutonium uptake in the lung. However, the FIDLER
program caralsobe appied to any instrument suitable for measuring external radiation
levels and nosplutonium mixturesCurrent versions of the FIDLERstrumentare

coupled with a Multi Channel Analyzer (MCA). These advanced MCA instruments are
referred to as the Violinistnal more recently the Stradivarius.
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fF FIDLER Calibration
File  About
Calibration IMixture| Lung Screen | Calibration Setup | Equipment 1.0, |

=10 x]

Data Entry Text File Output
Radial 60-keV Window 17 -keV Window
Positio Total, S Total, S Text File
{cm) counts counts
0 36.835 15.048 Save Text File
20 23.118 8,602
40 | 0806 | 3148 View Saved Files
60 4614 1.318
80 | 20584 | 766
100 1.684 582
Background 750 450 Clear
Efficiency (Sa) Detection Limits Bkg Source K sdev
cpm cpm Area Point
ug/m2 uCi/m2 uCi/m2 uCi cpm cpm m2 %
Am-241 Wind.
’7 [46E+01 [50E+02 [26E01 [13E01 [ 750 | 36085 [051 | 36 |
17 -keV Window
[55E+01 [60E+02 [17E01 [84E02 | 450 | 14598 [o050 | 67 |
I™ QA Graph
1 Print |

Radionuclides in the Workplace

The Radionuclides in the Workplace program provides a guide for initial planning of
experiments and workplace environments. The selection of a workplace is generally

based on the reiae hazard of an operation and on the quantity and radiotoxicity of the
radionuclides involved. The relative hazard of an operation is determined by evaluating

the type of radionuclide to be used, its chemical and physical form, the mass of the
material ontaining the radionuclide, and the nature of the operation to be performed.
Workplaces are divided into three classifications: Type 1, Type 2, and Type 3.

MPF Radionuclides in the Workpla o [=]
~Radionuclide Information
Plutoni ALl : Nonstochastic (FGR-13 5 um AMAD) ——
|Pu7233 M 87.7dy | SE+02 By (1E-02 uCi)
. m ~DAC
| Change Radionuclide I I JED1 Bym3 (BE12 Cu3 |
~ Specific Activity

[ 6.345+11 Boig (1.71E+01 Cifg )

—Workplace Requirements

Type 1 Type 2

Type 3 |

—Mass (non-rad|
0.00E+0 g

Print |

 Type of Operation — | [ Maximum Rec ded Activity
~ Type 1 Workplace —— Type 2 Workplace
Storage ﬁ 1.0E+05 Bq (2.7E+00 uCi ) ﬁ 1.0E+08 Bq (2.7E+03 uCi)
© Simple YWet
& Normal i Recommended Workplace
£ Simple Dry I Type 1 Workplace _’ML
 Complesx \Wet Total Activity 58E08 g
 Dry and Dusty I 1 O0E-+00 Ui [ Mass (fotal
: SBEDE g

Hazard Guide —
ITEHE

2-3



Hot Spot User s Gui de 2. Introduction

Percentile Dose using Historical Meteorological Data

This modulecalculates the 95percentile of the dose distribution for up to 20 radial
centerline distances in each of 16 wind direction seétlimsction dependent), and all 16
sectors (direction independent). Default percentile values &re980, 95", 99" and

99.5". Users mg selectother percentile values as needed (50t00"). HotSpotinputs a
sequential file of up to 5 years of hourly meteorological observations and either
determines the percentile data via an intermediary Joint Frequency Distribution (JFD) or
calculatng the dos&aluefor each houy data set. The JFD method is much faster than

t he fAbrut e fhaurlydasecalculatibs Tha JEDUsd9 windspeed groups,
and users can change the wind groupvalleser contr ol s are accessec
Met Datao button on the AOutputo tab as show
MPF HotSpot Version 3.0 =|olx]
File  Help
Models | Source Terml Meteorology | Receptors Setup Output |
Text Files —Plume Centerline Plots

Table Output
Save Table Output
View Saved Table Output Files

# Plume Centerline ¢ Compass
I™ Display All TEDE Components

I Include All Organ Data

™ Include Organs Excesding 50 rern
I™ Append QC Data

—Contour Plots - Comp Display
TEDE Contour Plot |

Ground Deposition Contour Plot |

" Plume Centerline

TEDE Graph |

Ground Deposition Graph |

—Contour Plots - Mapping Files

TEDE Contour File (.KML) |

Deposition Contour File (.KML) |

I™ Contour Optiohs @
1l

~Hotspot Mapping ———

© Compass

oy

D

[ Sie etoa |

™ Default Source Location: Unknown Release Location

Fila
— Total Effective Dose Percentile Values

Percentile A Percentile B Percentile C Percentile-D Percentile E
’7| 50 th —”] 90 th —”V| 95 th —V] T 99th ’7 99.5 th —‘

HotSpat Default Walues |

Create Percentile Table |

™ Wite All sorted Freguency Data to Disc
™ Calculate Individual houtly data (Mo wind grouping)

=Wind Speed Groups

0.10 | Group 0z W0 <=u <= W1 Accept | Display JFD |
0.50 Group 1: W1 < u=<=W2 . |

Cance | i
1.00 | Group2:W2< u<=W3 ‘ Change Wind Group |

2.00 | Group3:W3 =< u==Wi1 Defaplis |
3.00 Group 4 : W4 = u=<=W5
4.00 Group 5: W5 < u<=W6
5.00 Group 6 : W6 = u<=W7
6.00 Group 7 : W7 < u<=W8
8.00 Group 8 : u = W

Met Data Input Format

Change I

MACCS2 - wind FROM sector j

S885888%2¢2
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Additional Information and  HotSpot Help
Clicking on HotSpot Help (circle below) will provide additional information.

Thereare also hot buttonsithin the program. When scrolling oveglectfields,
additionalinformation will be displayed, as shown in the example below.

3.33E-E|4 mais

| rrm—
If checked, all output dose data will include Resuspension
inhalation Dose for the indicated exposure duration

0.10
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HotSpot QC

TheHotSpotprogramhas been designedth a Quality Control (QC¥eature that verifies

that the codes are functioning properly. It is a good ideartehis check to confirm

HotSpot has been installed correctly on your systordo socLick HOTSPOT QC

located at the lower right of the apeg screen. A checkmark and message indicating

that all systems pass should appear in green. In the event a system is highlighted in red
and indicates that it did not pass, contact NARAC at Lawrence Livermore National
Laboratory.

HotSpot Qual

~HotSpot QC

I Pass - Nuclear Explosion
¥ Pass - Plutonium Explosion

W Pass - Plutonium Fire

¥ Pass - Plutonium Resuspension
¥ Pass - Uranium Explosion

¥ Pass - Uranium Fire

¥ Pass - Tritium Release

¥ Pass - General Explosion

W Pass - General Fire

¥ Pass - General Resuspension

W Pass - General Plume

Return

Basis of the HotSpot Codes

The HotSpot Health Physics codes were created to provide emergency response
personnel and emergency planners with a fast,-fietthble set of software tools for
evaluating incidents involving radioactive material. The software is also useddty saf
analysis of facilities handlingadioactivematerial. HotSpoatmospheric dispersion
modelscodes are a firsbrder approximation of the radiation effects associated with the
shortterm (less than a few hourgmospheric release of radioactive matsria

Verification

HotSpotcodes involving the dispersal of radioactive material use the Gaussiardmodel
the workhorse for atmospheric dispersion calculations that is used by most government

agencies, including the Environmental Protection Agendtg doau me n t ATechnical
Guidance for Hazards AnalysisEmergency Planning for Extremely Hazardous
Substances, 0 U. S. Environment al Protection A

Agency, and U.S. Department of Transportation, December 1987. The adequacy of this
model for making initial dispersion estimates or warase safety analyses has been
tested and verified for many years (Handbook on Atmospheric Diffusion, DOE/TIC
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11223 (DE82002045), prepared for the Office of Health and Environmental Research,
Office of Erergy Research, U.S. Department of Energy, 1982).

To more accurately estimate the radiologicadetf in proximityof the release aresor
example 100 meters from the point of radioactive release, virtual source terms are used
to model the initial atmospheric distribution of source material following an explosion,
fire, or resuspension zone, wserinput geometry.

TheHotSpotcodes are continuouslypdated to incorporate the most current and
approved radiological dose conversion data and methodologies. To ensure correct
implementation of thélotSpotalgorithms following software revisions, eadbtSpot
module is thoroughly tested against a librargas$e studiesdotSpotallows the user to
run this automatic verification process. Each case study is executed with all
parameters/defaults set to the exactdsdy values stated in th#otSpot
documentation. The resulting output is compared with ticerdented results. This
ensures thaheHotSpotprogramhas been properly installed and all algorithms and
assumptions are working correctly.

Radionuclide Library

i Radionuclide

Cobalt Wiew Inhalation DCFs | Return I
View Submersion DCFs | Print |
I(:'o—fsn M 5.271y =l
‘iew Ground Shine DOFs |
| FGR 1312 DCF values. ICRP series B0 and 70
~Inhalation Dose Conversion Factors (rem J curie)
R tlarrow 1.63E+04 UL wall I 1.47E404 Adrenals 255E+04
Lung 1.84E+05 LLI all I 1.79E+14 Sk 5.68E+03
3] Wall 1.25E+04 Kidneys I 1.49E+04 Spleen 1.97E+04
Thyroid I 141E+HM Livar I 316E+04 Tesfes 7 18E+03
Bliees 2.28E+04 B Wall I 9. 14E403 Thyrmus 271E+04
ETregion | B.0IE+04 Muscle [141E+04 Brain | 7.25E+403
St wWall 1.69E+04 Ovaries I 1.16E+04 Uterus 1.05E+04
E Surface 1.45E+04 Pancreas I 213E+04
Cogl & Classic One micron AMAD 50-yr CED | 3.77E+04

HotSpot uses the radiation dosimetry methodologies recommended by the International
Comnission on Radiological Protection (ICRP). These methodologiesuanearized

in Federal Guidance Report No. (Hckerman et a1.198§, Federal Guidance Report No.
12 (Eckerman et al1993, andFederal Guidance Report No. IBckerman et al., 1999
FGR-11 provides dose coefficients in the form ofy&ar integrated dose equivalents for
acute inhalation ofadionuclides and is based te biokinetic and dosimetric models of
ICRP Publication 30 (1979, 1980, 1981, 1988%R-12 provides dose coefficienin the
form of dose per unit timetegrated exposure for external exposure to radionuclides in
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air, water, or soil.LFGR-13 provides dose coefficients using the new I€#8Rung model
and ICRP series 60/70 methodologieskermaret al (2010).

In addition to the inhalation 5§ear Committed Effective Dose Equivalent DCFs, acute
DCFs are available for estimating deterministic effects. This acute mode can be used for
estimating the immediate radiological impact associated with high acute radiatisn dose
(applicable target organs are the lung, small intestine wall, bone marrow and)thyroid
Eckermaret al(2010).

A onemicronactivity median aerodynamic diametér ( eAMAD) is assumedHotSpot
supports both classic units (rem, rad, curie) and SIG8yBq) units. Users can add
radionuclides and custom mixtures (up to 50 radionuclides per mixture).

Summary

HotSpot FGR-11 Option
¢ Old Lung Model (ICRP30)
e [CRP Publication 26 (1977) Tissue Weighting Factors
e Absorption Types D, W, Y.

HotSpot FGR-13 Option
e New Lung Model (ICRF66)
e [CRP Publication 60 (1991) Tissue Weighting Factors
e Absorption Types F, M, S.

Old and new dose terminology is given in the table below:

Old ICRP 26/30 New ICRP 60/66
(HotSpot FGR-11 Option) (HotSpot FGR-13 Option)
Committed effective dose equivalent Committed effective dose
Committed dose equivalent Committed equivalent dose
Cumulative total effective dose equivalent Cumulative total effective dose
Dose equivalent Equivalent dose
Effective dose equivalent Effective dose
Quiality factor Radiation weighting factor
Weighting factor Tissue weighting factor
Total effective dose equivalent Total effective dose

2-8



Hot Spot User 6s Gui de 3. Using a HotSpot Program

3. Using a HotSpot Program

This sectiorsteps througlan example dispersion model to highlight some of the features
of theHotSpotprogram.

P HotSpot Version =ol x|
File  Help
Models | Source Term | Meteorology | Receptors Setup | Output |

—Atrmospheric Dispersion Models

 Plutonium Explosion ¢ Plutonium Fire " Plutonium Resuspension
 Uranium Explosion ¢ Uranium Fire & Tritium Release
 General Explosion " General Fire " General Resuspension
 General Plume

—Special Purpose Prograrms

 Muclear Explosion " FIDLER Calibration & Lung Screening

" Radionuclides in the YWorkplace

HotSpot QC

From the opening screen, select a dispersion nardelroll under the File menu to open

a saved scenario or to create or edit a mixture. Then, navigate through each of the tabs:
Source Term Meteorology, ReceptorsSetup, andOutput, entering all criteria specific

to the release. Default criteria based ywidal data for each of the dispersion types are
included inHotSpot However you maychang these values

When one of théour generaldispersion modelgxplosion, fire, resuspensicand
plume is chosena prompt will appear to select a radionuchaen theHotSpotLibrary
or to select a mixture from your mixture libraag shown below

Radionuclide

™ Infa

| Print |

Select MNew Nuclide

Select Mixture from your Mixture Library |

FGR 13112 DCF walues. ICRF series B0 and 70.

31
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There are twanethoddor selectinga radionuclide from the HotSpot library. Users can

either directly ent3ero tama rcddicknu dlei doke.

pull down list of radionuclides by clicking the dovanrow button on the right side of the
entry box.You canscroll down to the desired radionuclide or start typing the symbol to
jump to the appropriate series of radionuclides.

i3 F 12.35 y ~

H-3 G 12.35 y as HT

n-3 6 12.35 y as Organic =
n-3 M 12.35 y SEUERL
n-3 s 12.35 y

H-3 ¥ 12.35 y as HTO

HE-167  2.0500E+00 m

HE-169  3.2400E+00 m |

Direct entry Pull down list

If the FGR 1llibrary is selected, the direct entry method will seledagttestabsorption
class available, e.g., tyfeif types D, W, and Y are in the library. If the FGR 13 library
is sekcted, thedCRPrecommended default absorption types from the following table are
selected (ICRP Publication 72, 1996)

Symbal Type Symbaol Type Symbol Type
H M Sr M Yb M
Be M Y M Lu M
C M Zr M Hf M
M M Mb M Ta M
Q M WMo M W F
F M TC M Re M
Ma F Ru [\ Os M
Mg M Rh M Ir M
Al M Fd M Pt F
Si M A0 M AU M
P N Cd M Hg M
3 M In M Tl F
Cl M Sn M Pb M
K F Sh M Bi M
Ca M Te M Po M
Sc S | F At M
Ti M Cs F Fr F
v M Ba M Ra M
Cr M La M AC M
In M Ce M Th S
Fe M Pr M Pa M
Co M MNd M u M
Ni M Pm M MNp M
Cu M sm M Pu M
Zn M Eu M Am M
Ga M Gd M cm M
Ge M Th M Bk M
AS M Dy [\ Cf M
Se F Ho M Es M
Br M Er M Fm M
Rb F m M Md M

DefaultICRP 72absorption types

3-2
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After selecting a radionuclide(s) involved in the general releasex ok and a

summary of dose conversion fact@sCFs)for various organs and areas of the body will
be displayedinhalation, submersion, and grouskdine DCFs may be displayed as
applicableas shown below

~Radionuclide

Cobalt Wiew Inhalation DCFs | Retum I

Wiew Submersion DCFs | Print |

I(:'o—(ii) M 5.271y |
View Ground Shine DCFs |

‘ FGR 13/12 DCF values. ICRP series B0 and 70

~Inhalation Dose Conversion Factars (rem / curie)

R Marrow 1.63E+04 LILI Wall 1.47E+04 Adrenals 2.55E+04

Lung 1.94E+H15 LLI Wl 1.79E+14 Skin 8.88E+03

=1 \all 1.25E+04 Kidneys 1.49E+14 Spleen 1.57E+04

Thyraid I 1.41E+04 Liver 31BE+04 Testes 7.18E+03

B 2.28E+04 1B Wall 9.14E+13 Thyrmus 2.71E+04

ET-region 5.03E+04 Muscle 1.41E+04 Brain 7.25E+403

St Wl 1.69E+H14 Ovaties 1.16E+14 Uterus 1.05E+04

E Surface 1.45E+04 Fancreas 2.13E+04

C8 G Clssic One micron AMAD 50yr CED | 3.77E+04

CLICK RETURN to continue imputing data under tBeurce Termtab.

P o [=[}3]
File  Help
Models Source Term | Meteorology | Receptors Setup ] Qutput }
Model : General Plume
Radionuclide Material-at-Risk (MAR) Damage Ratio (DR)

Change Radionuclide Source Term |

Effective Release Height

Deposition “elocity

| 0m ‘ 0.30 crmfsec

| 1.0000E+00 Ci

[ 1.000

Leakpath Factor
1.000

I™ Calculate Flume Rise
Airbarne Fraction (ARF)
1.00E-+10

Respirable Fraction (RF)

1.00E+ID

Material at Risk(MAR), is the total quantity of the radionuclide involved in the release
scenarioDamage Rati¢DR), is the fraction of the MR that is actually impacted in the
release scenarid helLeakpath Factor(LPF) is the fration of the MAR that passes
through some confinemeat filtration mechanism. For unmitigated releasenariosthe
Leakpath Factor is RAirborne Fraction (ARF) is the fraction of théVIAR that is
aerosolized and released to the atmosphereR€Ebpirable FractionRF) is the fraction
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of aerosolized material that is respirabde@(odynamidDiameterfAD)O 10 Hi cr ons
TheRespirable Release Fractios the fraction of thitMAR that is dispersed into the
atmosphere withaAD O 1 0 m(Respirdle release fraction ARFx RF). The
Non-Respirable Release Fractios the fraction of thiAR that is dispersed into the
atmosphere with aAD in excess of 1@nicrors. (Nonrespirable release fractionARFx

(17 RF). The finalHotSpotrespirableand norrespirableairborne source tersrare

Respirable Source TermMAR x DR x LPF x ARFx RF
Non-respirable Source TermMAR x DR x LPF x ARFx (1-RF)

The Deposition Velocitys the ratio of the observedspirabledeposition flux and the
observedespirableair concentration near the ground surfadee total airborne source
term may include bothespirable and nerespirable release components. The respirable
release component (the quantity of material that is respirable and available for dilspersi
in the atmosphere) has a separate respirable deposition velocity than-tespicable
release component (the quantity that is-nespirable and available for dispersion into

the atmosphere).he Respirable Release component is the fraction of thleguantity of
material involved in the fire, explosion, etc., that is respirable and available for dispersion
into the atmosphere. This component has a separate respirable deposition velocity
(default value of 0.3 cm/sec for non noble gases), and istaskddermine the inhalation,
groundshingsubmersion doseand plume depletiodue to the respirable component of
the source term.

After entering information about the source of the relegeao theMeteorology tab
(shown belowgnd enter applicable wind and solar datau may also select specific
atmospheric stability classifications, such a&A

10-meter Wind Speed the wind speed atr@ferenceneight of10 meters(Under the
Setuptab, thedefault height can be changedany value from 2 to 100 metey$n the
Selectedstability Classwvindow, choose thatmospheric stabilitglassification from
among tke descriptions providedhe azimuth of th&Vind Direction (direction wind is
comingfrom) is given in degree® = wind from the north, 90 = wind from the east, 180
= wind from the south, and 270 = wincbf the west.
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IF HotSpot Version 3 M i=F3
File  Help
Models | Source Term Meteorology | Receptors | Setup | Output |
10-meter Wind Speed Selected Stability Class
5 mis ™ Display Wind Chart D
Wind Direction

| 43 Wind from the NE

[~ Atmospheric Stability
Enter Solar Information - or - Enter the Actual Stability

 5un High in the sky A - Sery unstable

© Sun Low in the sky or cloudy " B - Moderately unstabla

£ Night ¢~ C- Slightly unstable
D - Neutral

" E - Slightly stable
" F - Moderately stable
5 - Special nighttime (Jow wind)

Next, go to th&Receptorstabto select specific downwind locations for tHetSpottable
output Default coordinates will be provided for distances (in kilometers) from the source.
Distance values can be changed. To enter aaxiéf position, enter thedistance and
y-distancg(in kilometers)separated by a semicolon. For example, 3.23; 0.2bation

with anx-coordinate of 3.23 km andyacoordinate of 0.22 km.d save these values in a

file, cLiIck SAVE NEw VALUES. The Location Designators button allows you to add
names and distance values for a particular locaslach as a local schoolfffice

building, or hospital.

In theReceptor Heightvindow, enter a range that is between 0 36d metersThe
default value of 1.5 meters is typical for the breathing zone near the ground service.

fIF HotSpot Version 3 =10l x|
File Help
Models | Source Term| Meteorology  Receptors | Setup | Output |

Return to Original Defaults | Receptor Height
Save New Yalues | Location Designators | 15m

~Coordinate Positions for Table Cutput (ken)

@ D1 |0 1=003 woon [D1=1
win2 D 2=0.1 f D1z [D12=2
wn3 D 3=02 f D13 [D13=4
D4 D 4=03 D14 [D14=E
D5 |0 5-04 (D15 [D15=8
D6 |0 B=05 D16 [D 16=10
D7 |D7=06 /D17 [D17=20
~pg D E=07 ~ D18 [D18=40
~ D9 D 9=08 D19 D 13=60
 Dio [0 10=09 D20 [D20=280
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Under theSetuptab, replace any of the default wak with those that are specific to the
release.

fiF HotSpot Ver =|of x|
File  Help
Models | Source Term | Meteorology | Receptors Setup | Output |
~Tetrain Radiological Units Diztance Units —
' Standard : Conservative Option & Classic (rem, rad, Ci) & hatric
 City : Large Metropolitan Area £ 5l (Sievert, Gray, By " English
I i S i 65 Exzplosion Model AF Distribution
WWind Ref Height Sample Time Source Geometry Default HotSpot Yertical AF Distrib
’7 I 10 maters —‘ ’]10 —‘  Simple I | Chanme/view A Distribitisn
T Complex
Mixing Layet ——————————— ;
™ Enable Inversian DCF Library
T FGR11 & FGR13 € Acute (30-days)
[ Ground Shine & Resuspension Breathing Rate
™ Include Ground Shine (Weathering Carrection Factor - Mone) 4 17E04 m3ds
™ Include Resuspension [Resuspension Factar = Maxwell-Anspaugh)
Exposure Time: (Start: 0.00 days; Duration: 4.00 days) Huoldup Tirme
“D min
~Contour Walues Mor-respirable Deposition YWelocity
TED (rem Deposition (uCi/m2| ’V IE crmisec
Inner 1.00 Inner 100.00
Middle |[|5[|7 Middle 10.00 Wet Deposition ————————————
Outer l[l‘l[li Cuter 1.00 I™ Enable Rainout
@ uCifm2 ¢ dpmi(100 cm2)
Return to Original Defauts

ChoosingCity terrain will usually result iHower doseghanthosedisplayed for

Standard due to the increasetiffusion fromthe turbulence caused targerbuilding

structures. Choosingtandardterrain will usuallyproduce the most conservative

estimateghigher potentialdosesfhec ki ng t he Al nput Surface RO
the user to input the surface roughness heghtVhen checkedhe Standardoption is

automatically selected, andetCity option disabled since th# associated with typical

city structures is already incorporated into @iy sigmaz valuegReferto fiSurface

Roughness Heightin Section 7).

Terrain
@ Standard : Conserative Option

ity Large Metropolitan Area
™ Input Sudace Roughness

HotSpot allows the user to modify the Airborne FractioRIEA vertical distributionlf a

check is placed in front d&hange/View Vertical RF Distribution, you will be

prompted to entea custom vertical source distribution for #aelosiverelease modsl

The default values are balsen experiment§¢Green Fidall), involving 100+ pounds of

hi gh expl osi ve. You al so -havghth€oopteconoaf F
to adjust the height of the stabilized plume, or usinggaw i Gr e dond hEighe | d 0
methodology for explosive quantities below 100 psI(TNT equivalent), by checking

t h @reein FieldOptiooér check box, while still following
pounds

( Ref ereentFelEik pl osi ve Cl oud WeengdiSpatisi n Secti on
installed, theiGreen Field Optiod ¢ h e ¢ kitiallyaheckedd he iChurckhheight

correction factor s n ot Gseend-ield @ptiabdheck bdxs checked.

Wh e n e v &reentFielé Opfiod ¢ h e c k b o x Chuschheighecortectich, t he

~

factor is reset to 1.00000 and not changeable by the user (grayed but)t he @Al ncl ude
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Bal |l i st

termis modeledas ballistic materigl100 umi 1000 pum AD)(Re f e r

in Section 7).

c Parti cl easbornefldARF), compoonentefthe sodrce

t o

i Bal

t he
| i st

Default HotSpot Yertical AF Distrib

Explosion Model AF Distribution
’]_ Changefview AF Distribution

HotSpot Health Physics Codes

Airborne Source Component Cloud Distribution

[~ Ballistic Particle Size Distribution —

100 um Bin 0.10000
200um Bin | 0.10000 f
300 um Bin ]W
400 um Bin 0.10000
500 um Bin ]W
600 um Bin ]W
700 um Bin | 010000
80 umBin [ 010000
900 um Bin ]W
1000 um Bin | 0.10000

Total
1.00000

Particle

50 giems

Fi
h(5)

> h(4)

h(2)

h(1)

N W oo |

2 I Include Ballistic Particles (f Aitborne Fraction < 1)

| 020000

raction of Total AF

035000
| 016000
0.04000

Total

Return

Wind RefHeight is the height at which the wind speedaterencedWind speed data
are typically referenced to a height of 10 meters. The actual data migigasered at a
different height €.g.,using data from a 61 meter meteorological tower and then these
data are adjusted to a-hfeter reference heighy the wind height power layv

Wind Ref Height
’7 I 10 meters —‘

Contour Values are thHEEDE andDeposition values used for the contour plots.

TEDE and Deposition contour ks must follow a progression. Specifically, the inner
TEDE contour value must be greater than the middle value, which in turn, must be
greater than the outer TEDE value. The same applies for Deposition contour values.

ContourValues

TEDE {(rem Deposition {uCifm?2)
Inner |2.50E+0 Inner  [1000.00
Mlddle|5.00E+DD kicdle [100.00

Outer [2.00E+0D i 1000

& uCifme  dpm/(100 cm2)

In the HotSpotprogram thetime over which the integrated concentration is averaged

referred to ashe Sample TimeThe equations for the standard deviation of the Gaussian

concentration distribution in the creagis direction (sigm&) are representative of
observing plume charactstics over ssampletime of 10 minutes. Concentrations

3-6

non
i C



Hot Spot User 6s Gui de 3. Using a Hotspot Program

downwind from a source decrease with increasing sampling time primarily because of a
larger sigmay, which isdue toincreased meandef wind direction and increased
horizontal diffusion.

UnderDCEF Library, select which libraryHotSpotis to useFGR 11enablesGR 11/12

DCF valueqICRP series 30FGR 13enabled~GR 13/12 DCF valuedCRP series 60

and 70 New Lung Model). If Acute is selectegdouwill be prompted tselect specific
acute DCF valuesom the following menu.

CCF Library
* FGR11 ¢ FGR13 " Acute (1-day) ‘

Selecta dose integration time period, and click on the "Return” button.

 Acute Intake
 Acute Intake - Dose in first 30 days (Federal Radiological Assassmant Center [FRMAC])
 Acute Intake - Dose in first 30 days (AEA-TECDOC-1432 Jan 2005)

 Acute Intake - Dose in first day (DOE Wulnerahilty Assessment)

High Linear Energy Transfer (LET) Relative Biological Effectiveness (RBE)

# RBE =1 RBE - Iung

C RBE-7 FRMAC DOEV&A NUREG/CR-4214 Rewv. 2 Partl, 1933), and IAEA-TECDOC-1432
© RBE=10

© RBE =20

High Linear Energy Transfer (LET) Relative Biological Effectiveness (RBE)

S RBE - red marrow
© RBE=2 FRMAC NUREG/CR-4214 Rev. 2. Part], 1993). and IAEATECDOC-1432 (Jan 2005)
 RBE=3

Return

If a check is placed in front dficlude ground shineall output dose data will include
ground shine fotheindicatedexposure time perioffour days beginning at time zerdj

a check is placed in front triclude Resuspensiqgrthe inhalation dose from resuspended
materialwill be includedin all dose data. If either or both boxes are checked;tlaage
Exposure Parametersheck box will appear.

~Ground Shine & Resuspension
¥ Include Ground Shine (Meathering Correction Factor : Mone)
™ Include Resuspension (Resuspension Factor : \WASH 1400 NUREG-75/014);

[~ Change Exposure Parameters
Exposure Time: (Star: 0.0 days: Duration: 4.0 days)

-~ Ground Shine & Resuspension
¥ Include Ground Shine Meathering Correction Factor : None)
[¥ iInclude Resuspension (Resuspension Factar | WASH 1400 NUREG-75/014)
[~ Change Exposure Parameters

Exposure Tirme: (Start: 0.0 days: Duration: 4.0 days)
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If the ChangeExposure Parameterbox is checkegdyou will be prompted to enter the
ground shine exposure time perigglound roughness factor, and specific weathering
model to usérom the following menu.

HotSpot Healil
Ground Contamination Options
Return
Exposure Time Settings
Start of Exposure | Exposure Duration
( | 0.00 Idays =] { | 4.00 days =]
i Ground Roughness Correction Factor (GRCF)
arer | 1000 I Other
Weathering Correction Factor (WCF)
= Mo Weathering
© WYASH 1400 (NUREG-75/014) WCF = GRCF [ 063 expi-1.13 1) +0.37 exp(-0.00748 1) | ; 1 in years
¢ Likhtarev - Health Physics, March 2002, Val.82, No. 3: WCF = GRCF [0.40 exp(0.45 t) +0.60 exp(0.014 1) | ; tin
years
Resuspension Factor ( RF [ 1/meter ] )
& Waxwell and Anspaugh- 2010 RF = 1E-05 exp(-0.07 t) + 7E-09 exp(-0.002 t) + 1E-09; t in days
 NCRP Report MNo. 129 RF (0-1) day = 1E-06; RF (1 to 1,000 days) = 1E-06 /1 ; RF(t = 1000 days) = 1E-09; t i
€ WASH 1400 (NUREG-75/014) RF = 1E-05 exp-0.677 t) +1E-09 ; tin years
€ Constant RF = 1.00E05 (1/ meter)

Note: TheTotal Effective Dose Equivalent (TEDE) valuesmuttin previous versions of
HotSpotonly includedthe inhalation and submersion component of the TEDvng
plume passagéf applicable, the initial ground shim®se rat€rem/hr or Sv/hr)s also
output. Starting with VersioB.07 bothresuspension anground shine, inclusive of
weathering, areptionallyincluded in the TEDE values. The duration of the exposure
time period is now selectable by the user. When you first run HotSpot, the time period is
from initial releaseplus4 days Start of Exposure= 0 daysExposureDuration = 4.0
day9, andinclude Ground Shineandinclude Resuspensionptions argot checked.
This results in calculated TEDE values identical with previous versions of HotSpot
(TEDE due to plume passage only)he Start of Exposureis anyvalue greater than
zero, the plume passage component (inhalation and submersiohinsluded in the
outputTEDE values. For exampleif the Start of Exposurds set to 0.1 dayf 0.1 hour
etc.)the plumepassage component of the TER# not be included.If the Include
Ground ShineandInclude Resuspensiomptionsare not checked, the output TEDE
values will all be zero since plume passage is not included. Ifichede Ground Shine
andInclude Resuspensiomptionsarechecked bah ground shine and resuspension are
included.If the Start of Exposurds set tol year and th&xposure Durationset to 1

year, the resuspension and ground shine TEDE from year 1 to year 2 will be dogut.
Plutonium Fire examplm section 4demonstrees this feature.

Holdup Timeo n t h edtahiSteetdurgiion that the released radionuclide(s) is
contained prior tats release into the atmosphere.
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Breathing Rateis the assumed breathing rate for individuals exposed to the radioactive
plume(Default is 3.33 x 1d m¥sec = 1.2 rithr).

Non-respirable Deposition Velocitis the ratio of theneasurechon-respirable
deposition flux and theneasurechon-respirableair concentration near the ground
surface.The nonrespirablerelease componentile fraction of the total quantity of
material involved in the fire, explosion, etc., that isHnespirable and available for
dispersion into the atmosphere. This component has a separatspwable deposition
velocity (default value of 8 cm/sec),dis used to determine groundshisebmersion
and plume depletion.

Next, go to theéutput tab.HotSpotprovides several output options.

=1olx|
File Help
Models | Source Term | Meteorology | Receptors Setup Output |
[ Text Files [ Plume Ci ine Plots
Table Output TEDE Graph |
Save Table Qutput
View Saved Table Output Files Ground Deposition Graph |
& Plume Centerline ¢ Compass
™ Display All TEDE Cormponents
™ Include All Organ Data i~ Contour Plots - Mapping Files

™ Include Organs Exceeding 50 rem

TEDE Contour File (.KML) |
I~ Append QC Data

Deposition Contour File (.KML) |

—Contour Plots - Computer Display

™ Contour Options
TEDE Contour Plot | i
Ground Deposition Contour Plot |

& Plume Centerline ~Hotspot Mappi

o

I Default Source Location: Unknown Release Location Site Met Data

SelectingTable Outputwill produce atext summary of results for the radionuclide
entered at the beginning of the session. $himmarycan be saved and viewed or
compared with previously generated summaries.

If Plume Centerlinds selected, all points will be converted to radial distanceken t
plume centerline. IEompasss selected instead, the table will contain ackal
locations andHotSpotwill use input wind directions.

Display all TEDE Componentsvill include the individual components of the TEDE;
Inhalation, Submersion, Ground 8h&j and Resuspension as applicable.

Selectinclude All Organ Dataor Include Organs Exceeding 50 reno include the
organ committed equivalent dose data for the selection.

Append QC Datawill include #d HotSpotvariablesn the output table. If aadiological
mixturewas used, all of the mixture data will be included.
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Site MetData (located in lower right cornenyill launch theHotSpot module that inputs
site-specific meteorologicalatato for calculation of percentile dose values
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Table Output Text Summary

source Material

Material-at-Risk (MAR)
Damage Ratio (DR)
Airborne Fraction (ARF)

ResEirab1e Fraction (RF)
Leakpath_Factor (LPF)
Respirable Source Term
Non-respirable Source Term
wind speed (h=10 m)

File Edit Fommat Yiew Help
HotSpot version 3.0 General Explosion -
Mar 01, 2013 09:41 AM —

Co-60 w 5.27ly
2.5000E+03 C1i

1.00

1.000

0.200

1.000

5. 00E+02 C1i
2.00E+03 Ci

5.00 m/s

wind Direction

45.0 degrees wind from the NE
High Explosive
De

25.00 Pounds of THNT

ris cloud To 170 m
i[church Cloud Height CF 1.0000
h({5) AF Fraction Q.2000
h(4) AF Fraction 0.3500
‘th({3) AF Fraction Q.2500
h{2) AF Fraction 0.1600
‘Ih{1) AF Fraction Q. 0400

UNMITIGATED BLAST DAMAGE

|IABTI =safe distance 274 m (900 ft)

lonset of shattered glass due to blast (0.5 psi): 64 m - 82 m (211 ft - 269 ft)
Eardrum ruptures an incagacitatiun £ 5 psi) - 13 m - 20m (42 fr - 66 )
Lung dama?e and complete incapacitation (10 psi) : 8.8 m - 13 m (29 ft - 44 ft)
onset of Tethality {25 psi) - 5.7m - &8m (19 ftr - 29 ft)
Fatalities in over 99% of population (100 psi) ¢ 3.1 m - 5.2 m (o ft - 17 fr)

(Mote: minimum range corresponds to side-on pressure and maximum range
| corresponds to reflected overpressure generated using
sandia National Laboratories BLAST model.

|stability class ]
||Respirable Dep. wvel. : 0.30 cm/fs
Non-respirable pep. vel. : B.0O0 cm/s
:|Receptor Height 1.5 m
lInversion Layer Height : None
.|zample Time : 10,000 min

;|Breathing rate
|pistance coordinates

3.33E-04 m3/sec
A1l distances are on the Plume centerline

Maximum Dose Distance : 0.010 km
MAXIMUM TEDE : 64 rem
Inner Contour Dose : 25 rem
\IMiddle Contour Dose : 5.0 rem
outer Contour Dose : 2.0 rem
Exceeds Inner Dose Qut To : 0.068 km
.|[Exceeds Middle Dose out To : 0.27 km
Exceeds outer Dose Out To : 0.69 km

FGR-11 Dose Conversion Data — Total effective Dose Equivalent (TEDE)

Include Plume Passage Inhalation and submersion

Include Ground shine (weathering Correction Factor : WASH 1400)

Include Resuspension (Resuspension Factor :© WASH 1400 NUREG-75/014)
Exposure window:(start: 0.00 days; Duration: 4.00 days) [100% stay time].
Initial Deposition and Dose Rate shown

Ground Roughness Correction Factor: 1.000

RESPIRAEBLE
DISTANCE TEDE TIME-INTEGRATED GROUND SURFACE GROUND SHINE ARRIVAL
AIR CONCENTRATION DEPOSITION DOSE RATE TIME
km (rem) (Ci-sec)/m3 (uci/m2) (rem/hr) Chour :min) _
0.030 4. 2E+01 B.6E-02 1.4E+04 4.3e-01 <00:01
0.100 1.BE+01 3.9e-02 5.8E+03 1.BE-01 <00:01
0. 200 7.6E+00 1.7e-02 2.5E+03 7.BE-02 <00:01

ol

4

Close the table to return to tReitput screen.
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UnderContour Plot® Computer DisplayselecfTEDE Contour Plot to view the dose
contouror Ground Deposition ContouPlot to view the ground deposition.

M Plume Contour - TEDE {rem) =10l x|
Print  Options  Scale

EotSpot Version 3.0 General Explosion Mar 01, 2013 09:44 N
Plume Contour - TEDE [rem)

f —— I e
L~ I
.1
.2
0.0 0.1 0.z 0.3 0.4 0.5 0.8 0.7 0.8 0.9
km
Inner: 25 rem (4E-03 kmZ) Middle: 5.0 rem (0.022 km2) OQuter: 2.0 rem (0.063 kmZ)
Source Material 1Co-60 w 5.271y
Haterial-at-Risk 12 .5000E+03 Ci Resp. Rel. Frac. :0.200
High Explosive :25.00 Pounds of TNT Debris Cloud Top 1170 m
u (h=10 m) :5.00 m/s
Stability Class :D (Sample Time: 10.00 min)
Deposition Velocity:0.3 crfs
Receptor Height 1.5 m

Inversion Layer Height :None

If the Compass option iselected, the actual plume direction is displayed.

P Plume Contour - TEDE (rem) ~=1ol x|
Print  Opfions  Seale

Flume Contour - TEDE [rem)

=

W /)

1.0 5w |0.8 ku 0.6 km [0.4 ko 0.2 b

]/

E]
Inner: 25 rem (4E-03 kmZ) Middle: 5.0 rem (0.021 km2j Cuter:

2.0 rem (0.063 km2)

UnderPlume Centerline PlotsselecfTEDE Graphto produce a graph displaying dose
as a function of plume centerline downwind distance.
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fiF Plume Centerline TEDE (rem), as a function of Downwind Distance _ o x|
Print  Options

HotZpot Version 3.0 General Explosion Mar 01, 2013 09:45 AM
Flume Centerline TEDE (remj, as & function of Downwind Distance
——— ——

1E+02

HotSpot als@rovides the option to producel&DE ContourFile, whichdisplays the
dose contour fileento geographical maps, obeposition Contour File which displays
ground deposition contosir

To display a geographical map witbntours for either depositiar dose contours, click
HotSpotMappingicon.

HotSpot Mapping

HotSpot

When the map is displayedhePlumesmenuselectionat the top left of thenap display
provides the option to display deposition consar dose contogron the map

Lat: 35.01054 Long: -106.44329
File GPS  Plumes

" e e L= !f:i

This capability is explained in detail in the Special Purpose Progaatien, starting on
page 553.
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File GPS Plumes

o—————z0oM hd o————— i zonyd

HotSpot 3.0 General Explosion Mar 01, 2013  09:49 AN
Release Location: 35.006300 deg (M) -106.430160 deg (W)

Inner: 25 rem (4E-03 kwZ) Middle: 5.0 rem (0.0Z1 km2)  Outer: 2.0 rem (0.063 km2)

HotSpot Contourmplotsd Mapping filesprovides the option to producef&DE Contour
File (.KLM) or DepositionContour File (.KLM), whichcanbe displayed in Googl¥
Earth.

— Contour Plots - Mapping Files
TEDE Contour File {.KML) |

Deposition Contour File {.KML) |

S

To display contours for either depositior dose contouiis the Google Earth
environmentclick the Google Earth icon, and select the desired .KML file. If Google
Earth is installed on your computer, HotSpot will automatically invoke Google Earth and
display the selected contour at the HotiStease location.

Click the fiContour Optionsodo box to change di
labels.The following example displays contours in Google Earth.
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